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INTRODUCTION
Marine cleaning symbiosis has long been a text-
book example of mutualistic cooperation (Cushman
& Beattie 1991). Cleaners are usually small fishes or
shrimps that inspect the body surface, gill chambers
and mouth of other fish (known as clients) in search
of ectoparasites, mucus and dead or diseased tissue
(Côté 2000, Côté & Soares 2011). These cleaner fish
live in specific territories (referred to as cleaning sta-
tions), which clients actively visit and adopt a charac-
teristic incitation pose, signalling their wish to be
inspected. Cleaners then swim out to inspect the
clients and glean material from their body surface.
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ABSTRACT: Cleaner fishes are key contributors to the health of fish communities. However, much
of the information in the literature refers to tropical systems, while fewer studies have examined
the activity of cleaner fish inhabiting temperate ecosystems. Facultative cleaner fish are assumed
to clean only during their juvenile phase, and have a broader diet than obligatory cleaner fish.
Here, we focused on 2 facultative cleaner fish species, Coris julis and Thalassoma pavo, that live
along the temperate coasts of the Azorean island of São Miguel. We found that these species
focused their cleaning activities on relatively few species of clients, which supports the general
idea that facultative cleaner fishes in temperate waters are less dependent on cleaning interac-
tions than obligatory cleaner fishes in tropical waters. Both cleaner species were found to give
more bites per host when inspecting larger clients, likely because the latter typically host more
parasites. We found that C. julis consumed a greater diversity of food items, which included
gnathiid larvae and fewer caligid copepods, compared to T. pavo where no ectoparasites were
found. All cleaner fish that we collected after observations of cleaning had eaten gnathiid isopod
larvae but not caligid copepods, even though caligid copepods were the most abundant ectopara-
site found on the body of 7 selected fish species (including both client and non-client species), sug-
gesting that both species selectively feed on gnathiid isopods. This study is the first to demonstrate
that temperate facultative cleaner fish species actively and selectively inspect and remove ecto-
parasites from their client-fish species.
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Cleaning stations are often visited by many residen-
tial fishes, but also by other organisms such as turtles,
iguanas or even whales (Côté 2000).
More than 100 marine fish species engage in clean-
ing activities directed at other species of fish (Van
Tassell et al. 1994, Côté 2000). The majority of these
species are members of the families Labridae and Go-
biidae, live in tropical habitats, and may exhibit a
high degree of specialisation (Côté 2000). The best
known obligatory cleaner species (i.e. those that clean
throughout their lives, solely depending on food items
obtained from the body surface of other species;
Francini-Filho & Sazima 2008) are the Indo-Pacific
bluestreak cleaner wrasse Labroides dimidiatus (Ran-
dall et al. 1990) and the Caribbean sharknose
cleaning goby Elacatinus evelynae (Côté & Soares
2011). In temperate waters, and more specifically in
the northeastern Atlantic, the rock cook wrasse Cen-
trolabrus exoletus (Galeote & Otero 1998) is an impor-
tant cleaner species (Arnal & Morand 2001) that is de-
fined as facultative, i.e. clean only part-time or only
during their juvenile phase (Limbaugh 1961) and tend
to be less dependent on parasitic items than obligatory
cleaners as they usually have a more varied diet (Côté
2000). The relative absence of obligatory cleaner spe-
cies in temperate waters may be related to environ-
mental conditions, which are generally less favourable
for the development of parasites than tropical waters,
and may consequently reduce the benefit of these
 interactions (Ayling & Grace 1971). Nevertheless, be-
havioural studies on facultative cleaner fish activities
and their parasitic dependency are very limited.
Marked differences exist among cleaner species
when it comes to interspecific behaviour, which is
usually determined by a species’ diet preferences.
For example, clients of the cleaner wrasse L. dimidia-
tus, which prefers to eat mucus instead of parasites (a
cleaning behaviour referred to as ‘cheating’) usually
react to cheating with whole body shudders known
as jolts (Grutter & Bshary 2003, Soares et al. 2008). In
contrast, the broadstripe cleaning goby Elacatinus
prochilos prefers to eat ectoparasites instead of client
mucus (Soares et al. 2010). This means that the
clients of L. dimidiatus need to enforce good levels of
cooperative behaviour by punishing or by switching
between cleaners (Bshary & Grutter 2005). Thus, dif-
ferences in cleaner fish food preferences and diet
together with different levels of client parasite infes-
tation seem to be prerequisites for the development
of alternative behavioural strategies for cleaners and
clients (Soares et al. 2013), and are responsible for
subsequent changes in the beneficial outcomes of
these interactions.
Cleaners and parasites interact within a predator−
prey framework (Grutter 2002). Cleaners have a
potential key role in lowering the parasite levels of
their clients, and as a consequence contribute to a
reduction in the negative effects of these parasites
(Grutter & Lester 2002). Indeed, ectoparasite infesta-
tion can affect the physiology, behaviour and mor-
phology of hosts (Bunkley-Williams & Williams 1998,
Binning et al. 2013). The negative effects to fish may
be quite significant; for instance by reducing swim-
ming abilities, decreasing growth rates (Barber et al.
2000) or altering immunocompetence and basal cor-
tisol levels (Ros et al. 2011). Therefore, at a larger
scale, by significantly influencing the activities of
client fish, cleaners can affect the structure of fish
communities (Waldie et al. 2011).
Coris julis and Thalassoma pavo are both members
of the Family Labridae and are protogynous herma -
phrodites, i.e. individuals that first breed as females
and eventually change sex to become male harem
owners (Guidetti & D’Ambrosio 2004). These species
can grow to 30 and 25 cm respectively (Quignard &
Pras 1986, Schneider 1990). All individual C. julis
>18 cm in length are males (Muus & Nielsen 1999),
while for T. pavo, a length of 18 cm already repre-
sents a male in terminal sexual phase (Guidetti 2001).
Juveniles and females of both species live in groups,
while the males are normally solitary or found in
small groups (Porteiro et al. 1996). C. julis and T.
pavo were reported as cleaners for the first time by
Moosleitner (1980) in the Mediterranean Sea. The
first record of these cleaner fish species’ activities in
Macaronesia was made by Van Tassell et al. (1994).
Further studies also referred to juveniles of C. julis
and T. pavo as supplementary cleaners in the Medi-
terranean, particularly when the main cleaner spe-
cies Symphodus melanocercus was relatively rare
(Zander & Sötje 2002, Fischer et al. 2007). The first
and only report of cleaning interactions between C.
julis and clients in the Azores archipelago was
recently made by Bertoncini et al. (2009). Neverthe-
less, current knowledge on these temperate cleaner
fish species’ activities remains very limited, espe-
cially when compared with the amount of informa-
tion collected on obligatory cleaner species. 
In this study, we investigated the cleaning behav-
iour of the facultative cleaners C. julis and T. pavo in
the Azores, by (1) recording their cleaning behaviour
at 20 cleaning stations, (2) examining stomach con-
tents to determine whether the cleaners truly re -
moved parasites, and (3) inspecting the ectoparasite
load of selected fish species from the Azorean coastal
communities (some acting more frequently as clients
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than others) to evaluate the effects of the cleaner
fishes’ activities on their parasite loads.
MATERIALS AND METHODS
Study sites and species
The 2 species investigated, Coris julis and Thalas-
soma pavo, are common on shallow rocky reefs
around all the Azores islands (Bertoncini et al. 2010).
This study was carried out between October 2012
and July 2013 on rocky reefs adjacent to São Miguel
Island (37° 44’ 58’’ N, 25° 39’ 54’’ W) (Fig. 1). Field
sampling was done by snorkelling at depths varying
between 1 and 5 m. Behavioural observations were
conducted at cleaning stations, which were normally
located in small rocky depressions. The rocky sub-
strates surrounding these cleaning stations were
mainly covered with frondose algae (the most fre-
quent were Asparagopsis spp., Halopteris spp. and
Dictyota spp.).
Behavioural observations
Observations of 20 cleaning stations (C. julis n = 10
and T. pavo n = 10) were carried out between 14:00
and 16:00 h by snorkelling (Fig. 1, Site I). Only clean-
ing stations with a single cleaner fish (either C. julis
or T. pavo) displaying juvenile colour pat-
terns were selected. As reported by
Porteiro et al. (1996), juvenile C. julis
have a series of longitudinal lines (dark,
yellow and one pinkish stripe) whereas
juvenile T. pavo have a series of blue ver-
tical stripes ending at the pectoral level,
with a dark spot under the dorsal fin
(Fig. 2). The juveniles observed at the
cleaning stations had a mean (±SE) length
of 9.6 ± 0.6 cm for C. julis and 8.3 ± 0.4 cm
for T. pavo. Observations were made
from a distance of 2 to 5 m, and began
after a 2 to 5 min delay to allow the fish to
become accustomed to the presence of
the observer (Soares et al. 2007). Each
observation lasted 30 min and was made
from the water surface, with the follow-
ing data recorded on plastic slates: (1)
species and identity (juvenile or adult) of
cleaner fish, (2) total length (TL) of each
client (estimated visually to the nearest
cm), (3) duration of the interaction (in
seconds), (4) the individual that initiated and ended
the interaction between cleaner and client; (5) the
number of bites the cleaner gave to each client, and
(6) the number of jolts made by clients (Soares et al.
2007, 2008).
Diet composition
Collection of cleaner fish for stomach content
analysis occurred at 3 different sites (Fig. 1, Sites G, J
and E). In total, 60 individuals (30 C. julis and 30 T.
pavo) were collected haphazardly between 14:00 and
16:00 h during the same month as the cleaning obser-
vations. We also collected 5 individuals immediately
following cleaning observations (3 C. julis and 2 T.
pavo) (Fig. 1, Site I). Each collected individual was
immediately placed into a vial containing 70% alco-
hol and later measured (TL, mm) and weighed (total
weight, g). All recognizable food items were identi-
fied to the lowest possible taxonomic level and
weighed (wet weight) with a precision balance (Kern
EW 1500-2M; sensitivity: 0.0001 g).
Ectoparasite load
Ectoparasite loads were assessed on 73 individuals
belonging to 7 different littoral client (recorded as
visiting the cleaning stations) and non-client (never
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Fig. 1. Field locations around the island of São Miguel (Azores Archipel-
ago): (A) Feteiras, (B) Ponta Delgada, (C) São Roque, (D) Lagoa, (E) Agua
d’Alto, (F) Mosteiros, (G) Santo Antonio, (H) Capelas, (I) Calhetas, 
(J) Santa Iria
A
ut
ho
r c
op
y
Mar Ecol Prog Ser 540: 217–226, 2015
seen visiting the cleaning stations) species (Sites A,
B, C, D, E, F, H and J, Fig. 1). Specimens were col-
lected using a hand net (mesh size 60 mm) from 7
different sites. Following capture, each fish was
placed inside an individual sealed plastic bag filled
with sea water. To limit fish stress and to minimize
the time away from the place of capture (max. 1 h),
only 5 to 7 fish were collected during each sampling
period (following Soares et al. 2007). On land, indi-
vidual fish were removed from the bag and placed
in fresh water for 10 min while the entire body sur-
face was gently brushed with a soft-bristled paint-
brush. After removing parasites, each fish was
measured (TL) and transferred to seawater contain-
ers for 10 to 15 min to recover before being released
near the capture location. The seawater inside the
original plastic bag and the fresh water where the
fish was brushed were then sieved through a 50 µm
mesh net; the resulting material was preserved in
70% alcohol. Ectoparasites were identified to family
level and counted.
Statistical analysis
Behavioural observations
To determine if there were differences in client
species diversity between C. julis and T. pavo, we
first calculated the Shannon diversity index (H’;
Magurran 2004) of the clients of each cleaner spe-
cies. A Monte Carlo simulation (Manly 2006) was
used to test the null hypothesis (i.e. no differences
between cleaner species); the whole set of cleaning
interactions was randomly distributed between each
species of cleaner as a function of the number of
220
Fig. 2. Different life stages of the 2 studied species. (A) juvenile Coris julis, (B) male C. julis, (C) juvenile Thalassoma pavo, and
(D) male T. pavo. Pictures provided by Island Aquatic Ecology Subgroup (IAE) of Island Biodiversity, Biogeography & Conser-
vation (IBBC), Centre for Ecology, Evolution and En vironmental Changes (Ce3C),  Departamento de Biologia, Universidade 
dos Açores
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cleaning events recorded for each, and the resulting
difference between H’ indices was calculated. This
process was repeated 1000 times. A frequency distri-
bution of differences obtained in the model was used
to estimate the probability of obtaining a difference
equal to or higher than that originally recorded. To
examine relationships between the client’s size and
the interaction duration or number of bites given by
each cleaner species to each client, we used Spear-
man’s rank correlation, using surface area as a proxy.
Finally, the hypothesis of no difference between the
number of jolts per inspection time (as a correlate of
cheating behaviour) by C. julis and T. pavo was
tested using a Monte Carlo simulation. The number
of jolts by clients was standardized to 60 s of interac-
tion for a better comparison with other studies. Jolt
events were randomly distributed between each spe-
cies of cleaner, respective to the number of cleaning
episodes recorded for each, and the resulting differ-
ence according to the number of jolts by each client
species was recorded. This process was repeated
1000 times. The frequency distribution of differences
obtained in the model was used to estimate the prob-
ability of obtaining a difference equal to or higher
than that originally recorded.
Diet composition
We used numeric (IN%), gravimetric (IG%) and
frequency of occurrence (IO%) indices to analyse fish
diet, following Hureau (1970). We used the index of
relative importance (IRI) of Pinkas et al. (1971) to
evaluate the relationship between various food items
found in the stomachs. IRI was calculated from the
3 basics indices as follows: IRI = (IN% + IG%) IO%.
To assess differences in diet composition between C.
julis and T. pavo, we used PERMANOVA (Anderson
2001), with species as a fixed factor on a multivariate
matrix constructed using the IRI of each food item,
grouped according to taxonomic group. A principal
coordinates analysis (PCoA; Gower 1966) was also
performed on the same matrix. Calculations were
done using PRIMER v.6.0 (Clarke & Gorley 2006).
Fish ectoparasite load
Kruskal-Wallis tests were used to assess differ-
ences in the number of ectoparasites among the sam-
pled fish species, followed by (when significant) a
post hoc test using the least significant difference in
rank (LSD).
RESULTS
Behavioural observations
A total of 7 different fish species visited the clean-
ing stations (Table 1); Coris julis interacted with 6 of
these and Thalassoma pavo with 4, but both predom-
inantly interacted with the blue wrasse Symphodus
caeruleus (89 and 93% of the cleaning interactions
respectively; Table 1). As a consequence, no signifi-
cant difference in H’ was found between the 2 clean-
ers (Monte Carlo p = 0.7). Most cleaning interactions
(70.9% with C. julis and 87.0% with T. pavo) were
initiated by clients adopting a specific pose, and ter-
minated by the cleaner fish (77.9% for C. julis and
85.9% for T. pavo). The mean (±SE) duration of each
interaction was 8.2 ± 0.6 s for C. julis and 8.4 ± 0.7 s
for T. pavo. The mean number of cleaning events per
30 min was 10.7 ± 1.3 for C. julis and 12.4 ± 2.3 for T.
pavo, representing a mean of 71 ± 16.0 s and 76.7 ±
21.9 s of interaction per 30 min of observation respec-
tively. A significant positive relationship was found
between the length of clients (TL of C. julis clients:
16.3 ± 0.4 cm; T. pavo clients: 17.0 ± 0.4 cm) and num-
ber of bites per client given by cleaners (Spearman’s
rank correlation, C. julis r = 0.26, df = 85, p = 0.01; T.
pavo r = 0.24, df = 85, p = 0.02). T. pavo cleaners also
spent more time inspecting larger clients (r = 0.45, df
= 85, p < 0.001), but the same was not found for C.
julis (r = 0.11, df = 85, p = 0.29). Moreover, clients in-
spected by T. pavo jolted significantly less frequently
than those interacting with C. julis (C. julis 1.2 jolts
min−1, T. pavo 0.2 jolts min−1, Monte Carlo p = 0.002).
Diet composition
Overall, the most common items found in the stom-
achs of C. julis and T. pavo were gastropods and
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Client species C. julis T. pavo
N % N %
Symphodus caeruleus 130 89.04 104 92.86
Sparisoma cretense 7 4.79 6 5.36
Mullus surmuletus 1 0.68 − −
Abudefduf luridus 4 2.77 − −
Sarpa salpa − − 1 0.89
Coris julis 1 0.68 − −
Labrus bergylta 3 2.05 1 0.89
Table 1. Total number (N) and percentage of cleaning
events for the 2 studied species of Azorean cleaner fish: 
Coris julis and Thalassoma pavo
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crustaceans (Fig. 3a), with the latter found in higher
biomass (Fig. 3b) and frequency (Fig. 3c). In general,
the diet of both cleaner fish species varied signifi-
cantly (PERMANOVA; df = 1, p = 0.001). The PCoA
(Fig. 4) shows that this difference is due to the
greater amount of crustaceans in T. pavo. On the
other hand, C. julis had a more diverse diet including
ectoparasites, which were found in the stomachs of
10 of the 30 specimens. Most of these were gnathiid
isopod larvae (Gnathiidae), with only 1 caligid cope-
pod (Caligidae). This corroborates the high amounts
of gnathiid larvae found in the stomach contents of
all 5 cleaner fishes collected immediately following
ob servations of cleaning behaviour (Table 2).
Ectoparasite load 
Caligid copepods and gnathiid isopods
were found as external parasites of the 7
analysed littoral fish species (clients and
non-clients), the first in higher numbers
(Fig. 5). Overall, highly significant differ-
ences in ectoparasite loads were found
between different fish species (Kruskal-
Wallis H = 19.5, df = 6, p = 0.003) where
Mullus surmuletus and Abudefduf luridus
were significantly more parasitized than
Diplodus sargus (LSD post hoc test: p >
0.05). When comparing only caligid cope-
pods, significant differences were also
found among all species (H = 16.43, df = 6,
p = 0.01; Fig. 5). For gnathiid isopods,
highly significant differences were found
(H = 24.24, df = 6, p = 0.0004; Fig. 5), with
S. caeruleus and Serranus atricauda being
significantly more parasitized than D. sar-
gus (LSD post hoc test: p > 0.05).
DISCUSSION
Cleaner fish appear to contribute to the
health of tropical fish in coastal communi-
ties (Clague et al. 2011). However, little is
known about the cleaning behaviour of fac-
ultative cleaner fish species that inhabit
temperate waters. This study provides new
information on the cleaning activities of 2
such species: Coris julis and Thalassoma
pavo. We confirmed the existence of spe-
cific territories (cleaning stations) where
these temperate facultative cleaner fish
species (all juveniles) received and
inspected their visiting client fishes (similar
to that of tropical obligate cleaner fish spe-
cies), and examined the ectoparasite loads
of fish species from the coastal communities
of the Azores. We found that both cleaner
fish species interacted with a relatively
low diversity of client species. Cleaners
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Fig. 3. Mean (±SE) representation of (A) numerical index (IN%), (B) gra -
vimetric index (IG%) and (C) frequency of occurrence (IO%) in the diet 
composition of Coris julis (n = 30) and Thalassoma pavo (n = 30)
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appeared to glean gnathiid larvae selectively rather
than caligid copepods, even though the latter were
the most abundant ectoparasites found on client fish
species in the Azores. Results from the present study
support the hypothesis that facultative cleaner fish in
temperate waters specialise on cleaning fewer spe-
cies of clients (amongst those available in the reef
fish community) and seem less dependent on these
cleaning interactions than the obligatory cleaner fish
in tropical waters (Barbu et al. 2011), which is
reflected in the greater diversity of items found in
these temperate cleaner fish diets. It is, however,
interesting to note that the total duration spent in
cleaning inspections in the present study was much
lower than that reported for the cleaner fish Sympho-
dus melanocercus in Banyuls-sur-mer (France)
(Arnal & Morand 2001, our Table 3). These differ-
ences between cleaner fish can be mostly attributed
to the different degree of de pendency
of our 2 studied species and S. mel -
anocercus, the main cleaner fish in
the Mediterranean Sea.
Moreover, the diversity of client
species found in the present study is
one of the lowest ever recorded for
facultative cleaner fish species in tem-
perate waters (Table 3). This may be
due to the structure of the studied fish
communities. Because of its isolation
and narrow coastal strip, the coloniza-
tion of the Azores islands by coastal
organisms has been particularly con-
strained (Santos et al. 1995). Almada
et al. (1999) reported only 48 coastal
fish species in the Azores, which is
much lower than the number they
reported for the Marine Reserve of
Arrábida (108 species) or the Mediterranean Sea (122
species). However, even with a lower number of
client species compared to other studies, the number
of interactions we observed in the present study was
higher than that reported for the facultative cleaner
fish Centrolabrus exoletus in the Marine Reserve of
Arrábida (Portugal; see Table 3), which may indicate
different degrees of specialisation among temperate
facultative cleaner fish species.
The Azorean blue wrasse Symphodus caeruleus
was the most common species at the cleaning sta-
tions. In contrast, client species such as Sparisoma
cretense or Abudefduf luridus, which were re ported
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Items (IN%) C. julis T. pavo
Algae 0.98 ± 0.98 −
Annelida 4.66 ± 2.63 −
Gastropoda 5.23 ± 2.14 2.05
Bivalvia − −
Crustaceans 17.42 ± 16.30 7.79
Brachyura − 10.79
Sipunculidae − −
Ectoparasites 59.97 ± 17.73 78.55
Scales 11.74 ± 10.09 0.82
Table 2. Mean number (±SE) of items (numerical index, 
IN%) in the diet composition of cleaner fish Coris julis (n = 3)
and Thalassoma pavo (n = 2) captured following cleaning 
observations
Fig. 4. Comparison of Coris julis and Thalassoma pavo diet composition (deter-
mined from 60 randomly captured fish), using principal coordinates analysis
(PCoA). Results of PCoA were obtained using the index of relative importance
(IRI), and show the first 2 principal coordinates which, in combination, explain 
94% of the variation
Fig. 5. Frequency of Caligidae copepods and Gnathiidae
isopods found on the body surface of client species. The cen-
tre line denotes the median, the box encloses the inner 
2 quartiles (25th and 75th)
A
ut
ho
r c
op
y
Mar Ecol Prog Ser 540: 217–226, 2015
as the most frequent visitors in other temperate
regions (e.g. Galeote & Otero 1998, Arnal & Morand
2001, Quimbayo et al. 2012), were rarely observed at
cleaning stations in this study. These behavioural
differences could be linked to the different abun-
dances of these species in the Azores and/or to vari-
ation in the density of fish according to depth.
Indeed, the abundance of a particular fish species in
a given community and their presence at cleaning
stations is strongly correlated (Arnal et al. 2000,
Floeter et al. 2007), and S. caeruleus is very common
in the shallow water coastal communities of the
Azores (Harmelin-Vivien et al. 2001, Bertoncini et al.
2010). The distribution of these species according to
depth may also be a relevant factor altering the fre-
quency of visitation to cleaning stations. For
instance, A. luridus is known to occur in highest
densities at depths between 11 and 27 m (Harmelin-
Vivien et al. 2001), whereas our studied cleaning
stations were in relatively shallow depths (between
2 and 5 m). Thus, the lower client species diversity
we observed may have been a result of low diversity
at this site.
In general, clients adopted a specific pose to initi-
ate an interaction, indicating that they were willing
to be cleaned. Posing is known to increase the likeli-
hood of being cleaned (Arnal & Morand 2001). Dur-
ing cleaning interactions, both C. julis and T. pavo
took more bites per host when inspecting larger
clients, which typically host more parasites (Poulin
2000). Cleaner cheating behaviour (assessed by
client jolts) was almost negligible. Indeed, both
cleaner fish species ended the interactions more
often by abandoning their clients after a period of
cleaning. This may reflect a depletion of food on the
body surface of the clients or their preference for cer-
tain ectoparasites (i.e. gnathiids).
Overall, our data confirmed that C. julis and T.
pavo are indeed micro-carnivorous with a slight ten-
dency towards omnivory, having a preference for
crustacean items (Kabasakal 2001). For fish collected
haphazardly, ectoparasites (mostly gnathiid larvae
and few caligid copepods) were only found in the
stomachs of C. julis, which suggests that these are
more active cleaners, and therefore more dependent
on client-derived food than T. pavo. Scales were
present in small quantities in the stomach contents of
only a few C. julis and T. pavo, which may reflect
accidental bites by the cleaners while removing ecto-
parasites, or perhaps some cheating events by the
cleaners (Soares et al. 2009). Interestingly, all sam-
ples from the individuals (of both cleaner species)
collected after cleaning observations were found to
have gnathiid isopod larvae in high abundance
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Cleaner species Family Study Obligate or No. of No. of Total in- References
location Facultative client interactions spection time
species per 30 min per 30 min (s)
Elacatinus Gobiidae Barbados Obligate 34 133 132.9 Whiteman & Côté (2002)
evelynae (Caribbean Sea)
Elacatinus Gobiidae Barbados Obligate 28 243.6 243.6 Whiteman & Côté (2002)
prochilos (Caribbean Sea)
Elacatinus cf. Gobiidae Fernando Noronha Obligate 22 52 540 Francini-Filho & Sazima
randalli archipelago (Brazil) (2008)
Labroides Labridae Lizard Island Obligate 124 114 606 Grutter (1996),
dimidiatus (Australia) Bansemer et al. (2002)
Symphodus Labridae Banyuls-sur-mer Obligate? 36 76 237.2 Galeote & Otero (1998),
melanocercus (France) and Island Arnal & Morand (2001)
of Giglio (Italy)
Thalassoma Labridae Fernando Noronha Facultative 19 57.3 610 Francini-Filho & Sazima
noronhanum archipelago (Brazil) (2008)
Centrolabrus Labridae Tarifa (Spain) and Facultative 18 4.2 − Henriques & Almada
exoletus Marine Reserve of (1997), Galeote &
Arrábida (Portugal) Otero (1998)
Coris julis Labridae São Miguel Island Facultative 6 10.7 72 This study
(Portugal)
Thalassoma Labridae São Miguel Island Facultative 4 12.4 76 This study
pavo (Portugal)
Table 3. Summary of behavioural characteristics of 9 cleaner fish species belonging to the Labridae and Gobiidae families
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(Table 2) and no caligid copepods, indicating that
both species selectively removed gnathiids from the
body surface of their clients. In contrast, the ectopar-
asites we removed from the body surface of littoral
fishes during the ectoparasite sampling were domi-
nated by caligid copepods. Caligid copepods are
commonly found on colder water hosts and typically
grow larger than gnathiid isopods (Whelan 2010).
Gnathiids, on the other hand, have mainly been
reported on tropical hosts (Grutter & Poulin 1998).
However, we found that C. julis and T. pavo con-
sumed more gnathiid isopods than caligids, a prefer-
ence also shown by other cleaner species in both
tropical (e.g. Grutter 2002, Soares et al. 2010) and
temperate waters (e.g. Galeote & Otero 1998, Arnal &
Morand 2001). This could be due to the fact that
gnathiid isopods are likely more nutritious to the
cleaner, as their guts typically contain a relatively
large volume of the blood and lymphatic fluids of
their hosts (Wägele 1988). Gnathiids are putatively
some of the most harmful parasites of reef fish (Lester
& Roubal 1995), causing significant energy losses
(Bunkley-Williams & Williams 1998). Thus, differen-
tial susceptibility to gnathiid parasitism possibly
explains the observed differences in visits to the
cleaning stations. Indeed, S. caeruleus was simulta-
neously the most highly gnathiid-parasitized client
and the species that interacted most with cleaners.
Our study is the first to demonstrate that a mutual-
istic relationship exists between cleaner fish and
their clients in the Azores, where juvenile C. julis and
T. pavo actively and selectively inspect and remove
ectoparasites from their clients. Thus, they appear to
provide a beneficial service which may potentially
contribute to better overall client body condition (Ros
et al. 2011) by lowering ectoparasite levels. Further
work is necessary to examine the impact of these
cleaner fish — not solely to the Azorean fish commu-
nity, but also in other locations where C. julis occurs,
such as the Mediterranean Sea.
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